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(54) Recording / reproducing head and method of producing the same 



(57) A recording / reproducing head (50) is provided 
with: a substrate (51) which has a predetermined width 
and a predetermined thickness and which is long in one 
direction; a probe (52,82) disposed on one end in the 
longitudinal direction of the substrate; a lead wire (52a) 
disposed on a surface of the substrate provided with the 
probe thereon, i.e. the lead wire disposed on a surface 



facingto the dielectric recording medium; and an electric 
conductor (53,83), i.e. a return electrode, disposed so 
as to surround the probe and the lead wire. The probe 
is covered with a conductive film as well as connected 
with the lead wire. Via the lead wire, a signal for record- 
ing is inputted from an external device (31) or a signal 
for reproducing is led to an external device (34). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a recording / 
reproducing head for a dielectric recording medium, for 
recording information in microdomains in a dielectric 
substance of the dielectric recording medium and for re- 
producing information recorded in the dielectric record- 
ing medium, and relates to a method of producing the 
recording / reproducing head. 

2. Description of the Related Art 

[0002] As high-density, large-capacity recording / re- 
producing apparatuses of randomly accessible type, 
there are known an optical disk apparatus and a hard 
disc drive (HDD) apparatus. Moreover, a recording / re- 
producing technique using a scanning nonlinear dielec- 
tric microscopy (SNDM) for the nanoscale analysis of a 
dielectric (ferroelectric) material has been recently pro- 
posed by the inventors of the present invention. 
[0003] In optical recording, an optical pickup with a 
laser as a light source is used. Data is recorded by form- 
ing pits that are concavo-convex on a disk surface or 
forming the crystal phase of a phase shift recording me- 
dium. The data is reproduced by using the difference in 
the reflectance of amorphous phases or using the mag- 
neto optical effect. However, the pickup is large and is 
not appropriate for high-speed reading, and the size of 
the recording pit is defined by the diffraction limit of light, 
so that its recording density is limited to 50 G bit/inch 2 . 
[0004] In the longitudinal recording of magnetic re- 
cording as represented by the HDD, a magnetic resist- 
ance (MR) head has been recently realized using giant 
magnetic resistance (GMR). In addition, perpendicular 
magnetic recording is used. Therefore, its recording 
density is expected to be larger than that of the optical 
disk by using. However, the recording density is limited 
to 1 T bit/inch 2 due to thermal fluctuation of magnetic 
recording information and the presence of a Bloch wall 
in a code reverse or sign change portion, even if pat- 
terned media are used considering the above cause. 
[0005] Using the SNDM to measure a non-linear die- 
lectric constant of a ferroelectric material, it is possible 
to detect the plus and minus of a ferroelectric domain. 
Moreover, the SNDM is found to have sub-nanometer 
resolution using an electrically conductive cantilever (or 
probe) which is used for an atomic force microscopy 
(AFM) or the like and which is provided with a small 
probe on its tip portion. In the SNDM, a resonance circuit 
is formed with the probe, an inductor, an oscillator con- 
nected with the probe, a capacitance of the dielectric 
(ferroelectric) material just under the probe and a return 
electrode which is placed near the tip portion of the 
probe. The return electrode is an electrode for returning 



an alternating electric field from the tip portion of the 
probe through the dielectric (ferroelectric) material. The 
conventional SNDM is designed to be an analysis ap- 
paratus. The return electrode used in this apparatus is 
5 a metal conductor of a ring shape of 7 mm outer diam- 
eter, 3 mm inner diameter and about 0.5 mm thickness, 
and it is placed so as to surround the tip portion of the 
probe. 

[0006] However, the above-described SNDM has not 
10 been specially developed in view of a recording / repro- 
ducing apparatus and thus have such a problem that the 
probe is large or that assembling is complicated. More- 
over, if it has a plurality of probes in order to increase a 
data transfer rate, the complication increases more. 

15 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention 
to provide a recording / reproducing head for recording 

20 i reproducing data in /from a dielectric recording medi- 
um, having a simple structure, easy to produce, and ap- 
propriate for mass-production, as well as a method of 
producing the recording / reproducing head. 
[0008] The above object of the present invention can 

25 be achieved by a recording / reproducing head for re- 
cording information in a dielectric material of a dielectric 
recording medium or reproducing information recorded 
in the dielectric recording medium : provided with: a sup- 
porting member of a longitudinal shape which is long in 

30 one direction; a first electrode, which is projective and 
which is disposed on one end in the one direction of the 
supporting member, for applying an electric field to the 
dielectric material; an electric conductor portion, which 
is disposed on a surface of the supporting member fac- 

35 ing to the dielectric material, for taking an electric con- 
nection with the first electrode; and a second electrode 
disposed on the surrounding of the first electrode. 
[0009] According to the recording / reproducing head 
of the present invention, the first electrode is formed on 

40 the supporting member. The supporting member is, for 
example, in the shape of a cantilever. The first electrode 
is an electrode for applying an electric field to the die- 
lectric recording medium for recording / reproducing the 
information . More concretely, on one end of the support- 

45 ing member, which contains Si, for example, there is a 
projection portion which will be a probe, and the surface 
of the projection portion is provided with a conductive 
film thereon. A lead wire, which is connected with the 
conductive film, is disposed on a surface of the support- 

50 ing member with the projection portion thereon in the 
direction to the other end. Moreover, another conductive 
film is disposed so as to surround the probe and the lead 
wire with a space or gap. This conductive film is a return 
electrode for returning a high-frequency electric field ap- 

55 plied to the dielectric recording medium from the probe. 
According to this recording / reproducing head having 
such a construction and shape, the tracing capability of 
the probe improves. 
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[0010] Incidentally, with respect to the shape of an 
electrode for applying an electric field, there are a pin 
shape, a needle-shape, a cantilever-shape and so on. 
The electrode having any one of these shapes is collec- 
tively referred to as a "probe" in the present application 
as occasion demands. 

[001 1 ] The above object of the present invention can 
be achieved by a recording / reproducing head for re- 
cording information in a dielectric material of a dielectric 
recording medium or reproducing information recorded 
in the dielectric recording medium, provided with: a sup- 
porting member of a longitudinal shape which is long in 
one direction; a projection portion disposed on one end 
in the one direction of the supporting member; a first 
electrode, which is penetrated from the tip portion of the 
projection portion and disposed in the central portion of 
the projection portion, for applying an electric field to the 
dielectric material; an electric conductor portion, which 
is disposed on a surface of the supporting member op- 
posite to the dielectric material, for taking an electric 
connection with the first electrode; and a second elec- 
trode disposed on a surface of the supporting member 
facing to the dielectric material. 

[0012] According to the recording / reproducing head 
of the present invention, the first electrode is formed on 
one end of the supporting member. The supporting 
member is, for example, in the shape of a cantilever. 
The first electrode is an electrode for applying an electric 
field to the dielectric recording medium for recording /re- 
producing the information. The supporting member con- 
tains Si , for example, and a hole for an electric conductor 
being disposed therein is disposed in the center of the 
projection portion which will be the first electrode so as 
to reach the both surfaces of the supporting member. 
[0013] A conductive member, such as carbon nano- 
tube, is inserted into the hole in the projection portion, 
and the conductive member is also exposed on the tip 
portion of the projection portion facing to the dielectric 
recording medium side. In view of abrasion resistance, 
diamond may be used. The diamond is preferably the 
one which has conductivity given by an impurity dopant. 
The electric continuity of the first electrode facing to the 
dielectric recording medium can be led to the top surface 
(i.e. the surface opposite to the surface facing to the di- 
electric recording medium) of the supporting member by 
the conductive member disposed in the hole, and thus 
the lead wire is disposed on the top surface of the sup- 
porting member. 

[0014] On the other hand, a conductive film is dis- 
posed on the surface of the supporting member facing 
to the dielectric recording medium so as to surround the 
probe with a space or gap. This conductive film is a re- 
turn electrode for returning a high-frequency electric 
field applied to the dielectric recording medium from the 
probe. According to the recording / reproducing head 
having such a construction and shape, the tracing ca- 
pability of the probe improves. 

[0015] The above object of the present invention can 



be achieved by a recording / reproducing head for re- 
cording information in a dielectric material of a dielectric 
recording medium or reproducing information recorded 
in the dielectric recording mediunr provided with: a sup- 
5 porting member of a longitudinal shape which is long in 
one direction; a first electrode, which is projective and 
which is disposed on one end in the one direction of the 
supporting member, for applying an electric field to the 
dielectric material; a substrate, which is disposed so as 
10 to surround the first electrode, for fixing the other end of 
the supporting member in the one direction; an electric 
conductor portion , which is disposed on a surface of the 
substrate facing to the dielectric material, for taking an 
electric connection with the first electrode; and a second 
15 electrode disposed so as to surround the first electrode 
and the electric conductor portion. 
[001 6] According to the recording / reproducing head 
of the present invention, the substrate is in such a shape 
that has the supporting member and a ring-shaped 
20 member. The supporting member is, for example, in the 
shape of a cantilever, and is provided with a probe for 
recording/ reproducing thereon. The ring-shaped mem- 
ber surrounds the supporting member with a space or 
gap, and has apart that fixes one end of this supporting 
25 member. As the substrate, Si maybe used, for example. 
A conductive film is disposed on the surface of the 
probe, and a lead wire, which is connected with the con- 
ductive film, is disposed on the surface of the substrate 
facing to the dielectric recording medium. Moreover, an- 
30 other conductive film is disposed on the surface facing 
to the dielectric recording medium so as to surround the 
probe and the lead wire. This conductive film is a return 
electrode for returning a high-frequency electric field ap- 
plied to the dielectric recording medium from the probe. 
35 According to the recording / reproducing head having 
such a construction and shape, the tracing capability of 
the probe improves. Using the ring-shaped member of 
the substrate, it is possible to fix this to a trace mecha- 
nism. 

40 [0017] The above object of the present invention can 
be achieved by a recording / reproducing head for re- 
cording information in a dielectric material of a dielectric 
recording medium or reproducing information recorded 
in the dielectric recording medium, provided with: asup- 
45 porting member of a longitudinal shape which is long in 
one direction; a projection portion disposed on one end 
in the one direction of the supporting member; a first 
electrode, which is penetrated from the tip portion of the 
projection portion and disposed in the central portion of 
so the projection portion, for applying an electric field to the 
dielectric material; a substrate, which is disposed so as 
to surround the first electrode, for fixing the other end of 
the supporting member in the one direction; an electric 
conductor portion , which is disposed on a surface of the 
55 supporting member opposite to the dielectric material, 
for taking an electric connection with the first electrode; 
and a second electrode disposed on the surface of the 
supporting member facing to the dielectric material so 
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as to surround the first electrode. 
[0018] According to the recording / reproducing head 
of the present invention, the substrate is in such a shape 
that has the supporting member and a ring-shaped 
member. The supporting member is, for example, in the 
shape of a cantilever, and is provided with a probe for 
recording / reproducing thereon. The ring-shaped mem- 
ber surrounds the supporting member with a space or 
gap, and has a part that fixes one end of the supporting 
member. The first electrode for applying an electric field 
to the dielectric recording medium for recording / repro- 
ducing is formed on one end of the member of the can- 
tilever shape. The supporting member contains Si, for 
example, and a hole for an electric conductor being dis- 
posed therein is disposed in the center of the projection 
portion which will be the first electrode so as to reach 
the both surfaces of the supporting member. 
[0019] A conductive member, such as carbon nano- 
tube, is inserted into the hole in the projection portion, 
and the conductive member is also exposed on the tip 
portion of the projection portion facing to the dielectric 
recording medium side. In view of abrasion resistance, 
diamond may be used. The diamond is preferably the 
one which has conductivity given by an impurity dopant. 
The electric continuity of the first electrode facing to the 
dielectric recording medium can be led to the top surface 
of the supporting member by the conductive member 
disposed in the hole, and thus the lead wire is disposed 
on the top surface of the supporting member. 
[0020] On the other hand, a conductive film is dis- 
posed on the surface of the supporting member facing 
to the dielectric recording medium so as to surround the 
probe with a space or gap. This conductive film is a re- 
turn electrode for returning a high-frequency electric 
field applied to the dielectric recording medium from the 
probe. According to the recording / reproducing head 
having such a construction and shape, the tracing ca- 
pability of the probe improves. 

[0021] In one aspect of the recording / reproducing 
head of the present invention, each of the above-de- 
scribed recording /reproducing heads is used as a de- 
vice for recording information in /reproducing it from the 
dielectric recording medium on the basis of a scanning 
nonlinear dielectric microscopy method. 
[0022] According to this aspect, the SNDM technique 
is applied, especially to reproducing. The SNDM repro- 
duction technique is introduced in detail by the present 
inventor, Yasuo Cho, in Oyo Butsuri Vol. 67, No. 3, p327 
(1 998). Alternatively, it is also described in detail in Jap- 
anese Patent Application No. 2001-274346 and No. 
2001-274347, etc., filed by the present inventors. 
Namely, in this technique, data or information is record- 
ed in the dielectric (ferroelectric) material of the dielec- 
tric (ferroelectric) recording medium as states of the po- 
larization of the dielectric (ferroelectric) substance. A 
probe scans over a dielectric (ferroelectric) material to 
detect the polarization states of the dielectric (ferroelec- 
tric) substance. The capacitance of the dielectric (ferro- 



electric) material located just under the tip of the probe 
is detected. This capacitance corresponds to a nonlin- 
ear dielectric constant of the dielectric (ferroelectric) 
substance at this part. The nonlinear dielectric constant 

5 is determined according to the polarization direction of 
the dielectric (ferroelectric) substance located just under 
the tip of the probe. Since data or information is recorded 
as the polarization states (more concretely, directions of 
the polarization of the dielectric (ferroelectric) material), 

10 the nonlinear dielectric constant corresponds to the re- 
corded data. Namely : the capacitance of the dielectric 
(ferroelectric) material just under the tip of the probe cor- 
responds to the recorded data. Therefore, the recorded 
data can be reproduced by detecting the capacitance of 

15 the dielectric (ferroelectric) material just under the tip of 
the probe. The data can be recorded by applying an 
electric field to the dielectric (ferroelectric) substance 
from the probe, or from the the lower electrode formed 
in the dielectric (ferroelectric) substance in such a way 

20 that the polarization directions are set according to the 
data or information. By using SNDM, extremely high- 
density recording becomes possible. Incidentally, the 
probe is not limited to single use, such as the one for 
recording orthe one for reproducing, but may be shara- 

25 bte as the one for recording and reproducing. 

[0023] The above object of the present invention can 
be achieved by a method of producing a recording / re- 
producing head for recording information in a dielectric 
material of a dielectric recording medium or reproducing 

30 information recorded in the dielectric recording medium, 
provided with processes of: forming on a substrate a 
convex portion for a first electrode for applying an elec- 
tric field to the dielectric recording medium; fabricating 
the substrate so as to form a supporting member for sup- 

35 porting the convex portion and a surrounding member 
surrounding the supporting member; forming a conduc- 
tive film on the convex portion; forming a first conductive 
layer, which is connected with the conductive film 
formed on the convex portion, on a surface of the sub- 

*o strate facing to the dielectric recording medium; and 
forming a second conductive layer, which is electrically 
insulated from the first conductive layer, on the surface 
of the substrate facing to the dielectric recording medi- 
um. 

45 [0024] According to the method of producing the re- 
cording /reproducing head of the present invention, the 
convex portion is formed on the substrate. The support- 
ing member having, for example, a cantilever shape is 
formed. The convex portion is positioned at one end of 

50 the supporting member. This portion becomes a probe 
for recording / reproducing. A ring-shaped member is 
also formed so as to surround the supporting member 
with a space or gap. The other end of the supporting 
member is connected with a part of the ring-shaped 

55 member. The supporting member and the ring-shaped 
member are formed by fabricating the substrate. For ex- 
ample, a Si substrate is used. A conductive film is 
formed on the surface of the probe, and the first con- 
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ductive layer, which is connected with the conductive 
film : is formed on the surface of the substrate facing to 
the dielectric recording medium. Moreover, the second 
conductive layer which will be a return electrode for re- 
turning an electric field applied by the probe is formed 
so as to surround the probe and the first conductive layer 
with a space or gap. The general etching technique, la- 
ser fabrication technique and the like can be used for 
the fabrication of the Si substrate, and the general thin- 
film formation technique and the like can be used for the 
formation of the conductive film. 

[0025] The above object of the present invention can 
be achieved by a method of producing a recording / re- 
producing head for recording information in a dielectric 
material of a dielectric recording medium or reproducing 
information recorded in the dielectric recording medium, 
provided with processes of: forming on a substrate a 
convex portion for a first electrode for applying an elec- 
tric field to the dielectric recording medium; fabricating 
the substrate so as to form a supporting member f or sup- 
porting the convex portion and a surrounding member 
surrounding the supporting member; forming a hole 
piercing in the central part of the convex portion; dispos- 
ing a conductive member in the hole; and forming a con- 
ductive layer on a surface of the substrate facing to the 
dielectric recording medium. 

[0026] According to the method of producing the re- 
cording /reproducing head of the present invention, the 
convex portion is formed on the substrate. The support- 
ing member is formed in the shape of a cantilever, for 
example. The convex portion is positioned at one end 
of the supporting member. This portion becomes a 
probe for recording / reproducing data or information. A 
ring-shaped member is also formed so as to surround 
the supporting member with a space or gap. The other 
end of the supporting member is connected with a part 
of the ring-shaped member. The supporting member 
and the ring-shaped member are formed by fabricating 
the substrate such as a Si substrate. The convex portion 
is provided with the hole piecing from the tip portion in 
the central portion of the convex portion, and the hole is 
filled with an electric conductor. The electric conductor 
is exposed on the tip portion of the convex portion, and 
becomes the probe for applying an electric field to the 
dielectric recording medium to record or reproduce data. 
A conductive layer, which will be a return electrode for 
returning an electric field applied by the probe, is formed 
on the ring-shaped portion facing to the dielectric re- 
cording medium so as to surround the convex portion 
with a space or gap. The general etching technique, la- 
ser fabrication technique and the like can be used for 
the fabrication of the Si substrate, and the general thin- 
film formation technique and the like can be used for the 
formation of the conductive film. 
[0027] In one aspect of the method of producing the 
recording /reproducing head of the present invention, 
the method is provided with a process of disposing a 
conductive layer, which is connected with the conduc- 



tive member, on a surface of the substrate opposite to 
the surface facing to the dielectric recording medium. 
[0028] According to this aspect, the conductive layer 
for taking an electric connection of the probe disposed 
5 on the convex portion is disposed on the surface of the 
substrate opposite to the surface facing to the dielectric 
recording medium. Due to this conductive layer, the 
probe can take an electric connection on the top surface 
of the substrate. 
10 [0029] In another aspect of the method of producing 
the recording /reproducing head of the present inven- 
tion, each of the above-described methods is provided 
with a process of preparing a plurality of the recording / 
reproducing heads on the substrate and separating 
15 them to be the individual recording / reproducing heads. 
[0030] According to this aspect, it is possible to pro- 
duce a plurality of recording / reproducing heads in the 
production process held one time. 
[0031] In another aspect of the method of producing 
20 the recording /reproducing head of the present inven- 
tion, each of the above-described methods is provided 
with a process of preparing a plurality of the recording / 
reproducing heads on the substrate and separating 
them with the predetermined number of them regarding 
25 as one head. 

[0032] According to this aspect, it is possible to pro- 
duce the recording / reproducing head provided with a 
plurality of probes. Moreover, it is also possible to pro- 
duce a plurality of the recording / reproducing heads 
30 having this form in the production process held one time. 
[0033] The nature, utility, and further features of this 
invention will be more clearly apparent from the follow- 
ing detailed description with reference to preferred em- 
bodiments of the invention when read in conjunction 
35 with the accompanying drawings briefly described be- 
low. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 [0034] 

FIG. 1A is a plan view of a first embodiment of a 
recording /reproducing head associated with the 
present invention; 
45 FIG. 1 B is an A1 -A1 cross sectional view of FIG. 1 A; 
FIG. 2A is a plan view of a second embodiment of 
the recording / reproducing head associated with 
the present invention; 

FIG. 2B is an A2-A2 cross sectional view of FIG. 2A; 
so FIG. 3A is a plan view of a third embodiment of the 
recording /reproducing head associated with the 
present invention; 

FIG. 3B is an A3-A3 cross sectional view of FIG. 3A; 
FIG. 4A is a plan view of a forth embodiment of the 
55 recording /reproducing head associated with the 
present invention; 

FIG. 4B is an A4-A4 cross sectional view of FIG. 4A; 
FIG. 5Ato FIG. 5C are schematic diagrams showing 



6 



BNSDCCID: <EP 1381042A2J_> 



9 



EP 1 381 042 A2 



10 



a method of producing the recording / reproducing 
head shown in FIGs. 3, FIG. 5A showing a process 
of forming a probe, FIG. 5B showing a process of 
forming a cantilever, and FIG. 5C showing a proc- 
ess of forming an electrode; 

FIG. 6A to FIG. 6C are schematic diagrams showing 
a method of producing the recording / reproducing 
head shown in FIGs. 4, FIG. 6A showing a process 
of forming a probe, FIG. 6B showing a process of 
forming a cantilever, and FIG. 6C showing a proc- 
ess of piercing a hole in the probe; 
FIG. 7D to FIG. 7F are schematic diagrams showing 
processes following the process shown in FIG 6C, 
FIG. 7D showing a process of forming an electrode 
in the probe hole, FIG. 7E showing a process of 
forming a return electrode, and FIG. 7F showing a 
process of forming a lead on the side of the probe; 
FIG. 8 is a schematic diagram showing the produc- 
tion of a plurality of recording / reproducing heads; 
FIG. 9A is a plan view showing an example of a fer- 
roelectric recording medium; 
FIG. 9B is an A5-A5 cross sectional view of FIG. 9A; 
FIG. 1 0 is a schematic diagram for explaining infor- 
mation recording / reproducing with respect to a fer- 
roelectric substance; and 

FIG. 11 is a schematic diagram showing a structure 
of a dielectric recording / reproducing apparatus 
which applies the recording / reproducing head as- 
sociated with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment of Recording / Reproducing Head) 

[0035] The first embodiment of the recording / repro- 
ducing head associated with the present invention will 
be explained with reference to FIG. 1 A and FIG. 1 B. FIG. 
1 A is a plan view of the first embodiment of the recording 
/ reproducing head associated with the present inven- 
tion. FIG. 1B is an A1-A1 cross sectional view of FIG. 
1A. Incidentally, FIG. 1 A is the plan view from the side 
of a recording medium, which is in the lower part in FIG. 
1B. 

[0036] As shown in FIG. 1 A and FIG. 1B, a recording 
/ reproducing head 50 associated with the present in- 
vention is provided with: a substrate 51 which has a pre- 
determined width and a predetermined thickness and 
which is long in one direction; a probe 52 disposed on 
one end in the longitudinal direction of the substrate 51 ; 
a lead wire 52a disposed on a surface of the substrate 

51 provided with the probe 52 thereon, i.e. the lead wire 
52a disposed on a surface facing to the ferroelectric re- 
cording medium; and a return electrode 53 which is an 
electric conductor disposed so as to surround the probe 

52 and the lead wire 52a. 

[0037] The probe 52 is covered with a conductive film 
and is connected with the lead wire 52a. Via the lead 



wire 52a, a signal for recording is inputted from an ex- 
ternal device or a signal for reproducing is led to an ex- 
ternal device. 

[0038] The return electrode 53 is disposed on the sur- 
5 face of the substrate 51 facing to the ferroelectric re- 
cording medium so as to surround the probe 52 and the 
lead wire 52a. This return electrode 53 is earthed, and 
is an electrode for returning an electric field applied by 
the probe 52 to the ferroelectric recording medium when 
10 data recorded in the ferroelectric recording medium is 
reproduced. 

[0039] The substrate 51 is Si, for example. The shape 
is a cantilever shape and is formed by the general etch- 
ing technique or laser fabrication technique. The con- 
's ductive film is formed by the general thin-film formation 
technique. Due to the cantilever shape, the tracing ca- 
pability of the probe 52 to the ferroelectric recording me- 
dium improves. 

20 (Second Embodiment of Recording / Reproducing 
Head) 

[0040] The second embodiment of the recording / re- 
producing head associated with the present invention 

25 will be explained with reference to FIG. 2A and FIG. 2B. 
FIG. 2A is a plan view of the second embodiment of the 
recording / reproducing head associated with the 
present invention. FIG. 2B is an A2-A2 cross sectional 
view of FIG. 2 A. 

30 [0041] As shown in FIG. 2A and FIG. 2B, a recording 
/ reproducing head 60 associated with the present in- 
vention is provided with: a substrate 61 which has a pre- 
determined width and a predetermined thickness and 
which is long in one direction; a probe 62 disposed on 

35 one end in the longitudinal direction of the substrate 61 ; 
an electrode 62b which penetrates from the tip portion 
of the probe 62 to the back surface; a lead wire 62a, 
which is disposed on a surface of the substrate 61 op- 
posite to a surface facing to the ferroelectric recording 

40 medium, for taking an electric connection with the elec- 
trode 62b; and a return electrode 63 which is the electric 
conductor disposed on the surface of the substrate 61 
provided with the probe 62 thereon, i.e. the return elec- 
trode 63 disposed on the surface facing to the ferroe- 

45 lectric recording medium so as to surround the probe 62. 
[0042] The electrode 62b is exposed on the tip portion 
of the probe 62. The electrode 62b is connected with the 
lead wire 62a. Via the lead wire 62a, a signal for record- 
ing is inputted from an external device or a signal for 

50 reproducing is led to an external device. As the material 
of the electrode 62b, carbon nanotube, diamond which 
has high abrasion resistance, or the like may be used, 
for example. 

[0043] The return electrode 63 is disposed on the sur- 
55 face of the substrate 61 facing to the ferroelectric re- 
cording medium so as to surround the probe 62. This 
return electrode 63 is earthed, and is an electrode for 
returning an electric field applied by the probe 62 to the 
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ferroelectric recording medium when data recorded in 
the ferroelectric recording medium is reproduced. 

(Third Embodiment of Recording / Reproducing Head) 

[0044] The third embodiment of the recording / repro- 
ducing head associated with the present invention will 
be explained with reference to FIG. 3A and FIG. 3B. FIG. 
3A is a plan view of the third embodiment of the record- 
ing / reproducing head associated with the present in- 
vention. FIG. 3B is an A3-A3 cross sectional view of FIG. 
3A. 

[0045] As shown in FIG. 3A and FIG. 3B, a recording 
/ reproducing head 70 associated with the present in- 
vention is provided with: a substrate 71 which has a pre- 
determined width and a predetermined thickness. The 
substrate 71 has a portion to form a cantilever 75 which 
is long in one direction and a potion which surrounds the 
cantilever 75. 

[0046] In the substrate 71 , the portion surrounding the 
cantilever 75 is in the shape of a ring. The probe 72 is 
disposed on one end of the cantilever 75 and the other 
end is fixed to the ring-shaped portion. There are also 
provided the lead wire 72a for taking an electric connec- 
tion with the probe 72 and the return electrode 73 made 
of an electric conductor. The lead wire 72a is disposed 
on a surface facing to the ferroelectric recording medi- 
um. The return electrode 73 is disposed so as to sur- 
round the probe 72 and the lead wire 72a. 
[0047] The probe 72 is covered with a conductive film 
and connected with the lead wire 72a. Via the lead wire 
72a, a signal for recording is inputted from an external 
device or a signal for reproducing is led to an external 
device. 

[0048] The return electrode 73 is disposed on the sur- 
face of the substrate 71 facing to the ferroelectric re- 
cording medium so as to surround the probe 72 and the 
lead wire 72a. This return electrode is earthed, and is 
an electrode for returning an electric field applied by the 
probe 72 to the ferroelectric recording medium when da- 
+ a recorded in the ferroelectric recording material is re- 
produced. 

[0049] The substrate 71 is Si, for example. The shape 
is a cantilever shape and is formed by the general etch- 
ing technique or laser fabrication technique. The con- 
ductive film is formed by the general thin-film formation 
technique. Due to the cantilever shape, the tracing ca- 
pability of the probe 72 to the ferroelectric recording me- 
dium improves. 

(Fourth Embodiment of Recording / Reproducing Head) 

[0050] The fourth embodiment of the recording / re- 
producing head associated with the present invention 
will be explained with reference to FIG. 4A and FIG. 4B. 
FIG. 4A is a plan view of the forth embodiment of the 
recording / reproducing head associated with the 
present invention. FIG. 4B is an A4-A4 cross sectional 



view of FIG. 4A. 

[0051] As shown in FIG. 4A and FIG. 4B, a recording 
/ reproducing head 80 associated with the present in- 
vention is provided with: a substrate 81 which has a pre- 
5 determined width and a predetermined thickness. The 
substrate 81 has a portion to form a cantilever 85 which 
is long in one direction and a potion which surrounds the 
cantilever 85. 

[0052] In the substrate 81 , the portion surrounding the 

10 cantilever 85 is in the shape of a ring. A probe 82 is dis- 
posed on one end of the cantilever 85 and the other end 
is fixed to the ring-shaped portion. 
[0053] In the central portion of the probe 82, there is 
provided a hole piercing from the tip portion of the probe 

15 82 to the back surface of the substrate 81 . In the hole, 
there is formed an electrode 82b containing an electri- 
cally conductive material, such as the carbon nanotube 
or the diamond which has high abrasion resistance. An 
electric field for recording data is applied to the ferroe- 

20 lectric recording medium from the electrode 82b. A lead 
wire which is connected with the electrode 82b may be 
disposed on a surface opposite to a surface facing to 
the ferroelectric recording medium. 
[0054] A return electrode 83 is disposed on the sur- 

25 face of the substrate 81 facing to the ferroelectric re- 
cording medium so as to surround the probe 82. This 
return electrode 83 is earthed, and is an electrode for 
returning an electric field applied by the electrode 82b 
of the probe 82 to the ferroelectric recording medium 

30 when data recorded in the ferroelectric recording medi- 
um is reproduced. 

[0055] The substrate 81 is Si, for example. The shape 
is a cantilever shape and is formed by the general etch- 
ing technique or laser fabrication technique. The con- 
35 ductive film is formed by the general thin-film formation 
technique. Due to the cantilever shape, the tracing ca- 
pability of the probe 82 to the ferroelectric recording me- 
dium improves. 

40 (First Embodiment of Method Of Producing Recording / 
Reproducing Head) 

[0056] The first embodiment of the method of produc- 
ing the recording / reproducing head associated with the 

45 present invention will be explained with reference to 
FIG. 5A to FIG. 5C. This embodiment is about a method 
corresponding to the production of the recording /repro- 
ducing head 70, for example, and is also applicable to 
the recording / reproducing head 50. 

so [0057] FIG. 5A shows a process of forming the probe 
72 on the substrate 71 by accumulating a projection por- 
tion on the Si substrate or etching the surrounding of the 
projection portion with the portion left, for example. 
[0058] FIG. 5B shows a process, which follows FIG. 

55 5A, of removing the surrounding of the cantilever 75 on 
the substrate 71 so as to form the cantilever 75 which 
supports the projection portion. The substrate 71 is in 
the ring shape to fix thereto one end opposite to the pro- 
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jection portion held by the cantilever 75. The cantilever 
75 fixed to the substrate 71 moves vertically with this 
fixed point as a fulcrum. 

[0059] FIG. 5C shows a process, which follows FIG. 
5B, of forming a conductive film on the projection portion 
to make the probe 72, and forming another conductive 
film on the surroundings of the probe 72 and the canti- 
lever 75. The latter conductive film will be the return 
electrode 73 for returning an electric field applied to the 
ferroelectric recording medium from the probe 72. 
[0060] Using the above-described production meth- 
od, the recording /reproducing head 70 (50) shown in 
the third (first) embodiment of the recording / reproduc- 
ing head can be prepared, for example. 

(Second Embodiment of Method of Producing 
Recording /Reproducing Head) 

[0061 ] The second embodiment of the method of pro- 
ducing the recording / reproducing head associated with 
the present invention will be explained with reference to 
FIG. 6A to FIG. 7F. This embodiment is about a method 
corresponding to the production of the recording / repro- 
ducing head 80, for example, and is also applicable to 
the recording / reproducing head 60. 
[0062] FIG. 6A shows a process of forming the probe 
82 on the substrate 81 by accumulating a projection por- 
tion on the Si substrate or etching the surrounding of the 
projection portion with the portion left, for example. 
[0063] FIG. 6B shows a process, which follows FIG. 
6A, of removing the surrounding of the cantilever 85 on 
the substrate 81 so as to form the cantilever 85 which 
supports the projection portion. The substrate 81 is in 
the ring shape to fix thereto one end opposite to the pro- 
jection portion held by the cantilever 85. The cantilever 
85 fixed to the substrate 81 moves vertically with this 
fixed point as a fulcrum. 

[0064] FIG. 6C shows a process, which follows FIG. 
6B, of piercing a small hole 86 from the tip portion of the 
projection portion to the back surface of the substrate 
81 by using devices of the etching, the laser fabrication, 
or the like, for example. 

[0065] FIG. 7D shows a process, which follows FIG. 
6C, of forming the electrode 82b in the hole 86 as pro- 
vided above by filling an electric conductor including the 
carbon nanotube or the like from the tip portion of the 
projection portion to the back surface of the substrate 
81. 

[0066] FIG. 7E shows a process, which follows FIG. 
7D, of forming the conductive film on the surrounding of 
the probe 82 on the surface of the substrate 81 facing 
to the ferroelectric recording medium. This conductive 
film will be the return electrode 83 for returning an elec- 
tric field applied to the ferroelectric recording medium 
from the probe 82. 

[0067] FIG. 7F shows a process, which follows FIG. 
7E, of forming the lead wire 82a on the surface of the 
substrate 81 opposite to the surface facing to the ferro- 



electric recording medium. The lead wire 82a is con- 
nected with the electrode 82b, to which a voltage corre- 
sponding to record data is applied, on the back surface 
of the substrate 81 . The polarization direction of the fer- 

5 roelectric recording medium is determined by an electric 
field applied from the electrode 82b, so that data is re- 
corded. In the reproduction of the data, the reproducing 
signal is taken out via the lead wire 82a. 
[0068] Using the above-described production meth- 

10 od, the recording /reproducing head 80 (60) shown in 
the fourth (second) embodiment of the recording / re- 
producing head can be prepared, for example. 

(Third Embodiment of Method Of Producing Recording 
15 i Reproducing Head) 

[0069] The third embodiment of the method of produc- 
ing the recording / reproducing head associated with the 
present invention will be explained with reference to 

20 FIG. 8. This embodiment is about a method correspond- 
ing to the production of the recording /reproducing head 
70 (or 80) at a time, for example. 
[0070] A plurality of the recording / reproducing head 
70 (or 80), which is explained in the third or forth em- 

25 bodiment of the recording /reproducing head, are pre- 
pared on the substrate 71(81). Then, separating them 
along the dotted line shown in FIG. 8 enables the for- 
mation of the individual recording / reproducing heads. 
By separating them in any plurality of units, it is possible 

30 to easily form the recording / reproducing heads provid- 
ed with a plurality of probes, 

(Ferroelectric recording medium to which Recording / 
Reproducing Head of the Present Invention Is Applied) 

35 

[0071] An example of the ferroelectric recording me- 
dium in which data is recorded / reproduced by the re- 
cording / reproducing head of the present invention will 
be explained with reference to FIG. 9A and FIG. 9B. As 

40 shown in FIG. 9A, a ferroelectric recording medium 1 in 
a disk form is provided with: a center hole 4; an inner 
area 101; a recording area 102; and an outer area 103, 
arranged concentrically from the inside in this order. 
[0072] The inner area 101, the recording area 102, 

45 and the outer area 1 03 contain a uniform and flat ferro- 
electric material. If the recording area 102 has an up 
polarization direction, i.e. being a plus surface, the inner 
area 1 01 and the outer area 1 03 have down polarization 
directions, i.e. being a minus surface, and vice versa. 

so [0073] The recording area 102 is an area to record 
data. The recording area 102 has tracks and spaces, 
each of which is between two of the tracks, and is pro- 
vided with areas in which control information about the 
recording / reproducing is recorded, in the track and the 

55 space. The inner area 101 and the outer area 103 are 
used to recognize the inner and outer positions of the 
ferroelectric recording medium 1. 
[0074] As shown in FIG. 9B, the ferroelectric record- 
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ing medium 1 is provided with: a substrate 15; an elec- 
trode 1 6 laminated on the substrate 1 5; and a ferroelec- 
tric material 1 7 laminated on the electrode 1 6. The inner 
area 101, the recording area 102, and the outer area 
103 are independently polarized to be in the directions 
shown with arrows. 

[0075] The substrate 15 may be Si, for example, 
which is a preferable material due to its strength, chem- 
ical stability, workability, and the like. The electrode 16 
is intended to generate an electric field between the 
electrode 16 and the probe 11 of the recording /repro- 
ducing head and applies to the ferroelectric material 1 7 
an electric field stronger than the coercive electric field 
of the ferroelectric material 1 7 to change and determine 
(set) the polarization direction. Data is recorded by 
changing and determining (setting) the polarization di- 
rection correspondingly to the data. 
[0076] As the ferroelectric material 1 7, LiTa0 3 may be 
used, for example. The recording is performed with re- 
spect to the Z surface of the LiTa0 3 , where a plus sur- 
face and a minus surface of the polarization are in a 
180-degree domain relationship. Alternatively, other fer- 
roelectric materials may be used. 
[0077] The principle of recording / reproducing with 
respect to the above-described ferroelectric recording 
medium 1 will be explained with reference to FIG. 10. 
The ferroelectric recording medium 1 is provided with: 
the substrate 15; the electrode 16 placed on the sub- 
strate 15; and the ferroelectric material 1 7 placed on the 
electrode 1 6. The ferroelectric material 1 7 is associated 
with record data depending on the directions of polari- 
zations P. 

[0078] When an electric field stronger than the coer- 
cive electric field of the ferroelectric material 17 is ap- 
plied between the probe 11 and the electrode 16, the 
ferroelectric material 17 is polarized having directions 
corresponding to the direction of the applied electric 
field. The polarization direction corresponds to data. 
The return electrode 1 2 is an electrode for returning the 
electric field applied to the ferroelectric material 1 7 from 
the probe 1 1 in order to reproduce a signal correspond- 
ing to the polarization state by the SNDM method, and 
is placed so as to surround the probe 11. Incidentally, 
the return electrode 12 may be in any form if shaped 
and placed to allow the return of the electric field from 
the probes 11 without resistance. 
[0079] The rotatable recording medium in a disc 
shape was explained here, but it is possible to take a 
method in which a rectangular ferroelectric recording 
medium can be driven in the X-Y direction as well. 

(Dielectric Recording / Reproducing Apparatus using 
Recording /Reproducing Head of the Present Invention) 

[0080] An example of a dielectric recording / repro- 
ducing apparatus using the recording / reproducing 
head of the present invention will be explained with ref- 
erence to FIG. 11 . In this example, the recording / re- 



producing head 80 of the forth embodiment of the 
present invention is used. 

[0081] A dielectric recording / reproducing apparatus 
1 0 is provided with: the probe 82 for applying an electric 

5 field with its tip portion facing to the ferroelectric material 
17 of the ferroelectric recording medium 1; the return 
electrode 83 for returning the electric field applied form 
the probe 82; an inductor L placed between the probe 
82 and the return electrode 83; an oscillator 13 which 

10 oscillates at a resonancef requency determined from the 
inductor L and a capacitance (e.g. a capacitance Cs 
shown in FIG. 10) in a portion formed in the ferroelectric 
material just under the probe 82 and polarized corre- 
spondingly to recorded data; a switch 30 for switching 

15 an input signal when recording; a recording signal input 
device 31 for converting data to be recorded to generate 
a signal for recording; an alternating current (AC) signal 
generation device 32 for generating an alternating cur- 
rent (AC) signal which is referred to in coherent detec- 

20 tion; a frequency modulation (FM) demodulator 33 for 
demodulating a FM modulation signal modulated by the 
capacitance corresponding to a nonlinear dielectric con- 
stant of the ferroelectric material just under the probe 
82; a detector 34 for detecting data from the demodu- 

25 lated signal by using the coherent detection; and atrack- 
ing error detector 35 for detecting a tracking error signal 
from the demodulated signal. 

[0082] The probe 82 is a conductive member, or an 
insulating member coated with a conductive film. The 

30 tip portion facing to the ferroelectric material 1 7 is hem- 
ispherical, having a predetermined radius. This radius 
is an important factor in determining the radius of the 
polarization formed in the ferroelectric material 17 cor- 
respondingly to record data, so it is extremely small, on 

35 the order of 1 0 nm. Data is recorded by applying a volt- 
age between the probe 82 and the electrode 1 6 to form 
in the ferroelectric material 17 a domain polarized in a 
predetermined direction, while the recorded data is 
picked up on the basis of the capacitance corresponding 

40 to the polarization. 

[0083] The return electrode 83 is an electrode for re- 
turning the high-frequency electric field generated by 
the oscillator 1 3 and applied to the ferroelectric material 
17 from the probe 82, and is placed so as to surround 

45 the probe 82. In the SNDM method, the change of the 
capacitance corresponding to a nonlinear dielectric con- 
stant of the ferroelectric material is directly detected. To 
detect this change of the capacitance, it is preferable 
that a compact oscillating circuit is formed on or above 

50 one surface of the ferroelectric recording medium. In this 
example, the oscillating circuit (resonance circuit) is pro- 
vided with the oscillator 13, the inductor L, the probe 82, 
and the return electrode 83. In this oscillating circuit, the 
high-frequency signal flows from the probe 82 to the re- 

55 turn electrode 83 thorough the ferroelectric material 1 7, 
as shown in FIG. 1 1 . This route is a part of the oscillating 
circuit. It is preferable that this route is short in order to 
reduce noises due to a floating capacitance CO and the 
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like. The return electrode 83 is disposed so as to sur- 
round the probe 82 and the distance between the probe 
82 and the return electrode 83 is very short. Therefore, 
the route that the high-frequency signal flows can be 
shortened, so that the noises can be reduced. 
[0084] The inductor L is placed between the probe 82 
and the return electrode 83, and may be formed with a 
microstripline, for example. The resonance frequency of 
the resonance circuit containing the oscillator 1 3, the in- 
ductor L, the probe 82 and the return electrode 83 is 
determined by the inductor L and the capacitance Cs. 
The inductance of the inductor L is determined so that 
this resonance frequency, f = 1/27Wl_Cs, is about 1 GHz, 
for example. Incidentally, the capacitance factor to de- 
termine the resonance frequency f is not only the capac- 
itance Cs but also the floating capacitance CO. However, 
since the recording / reproducing head of the present 
invention takes a structure for compact placement in 
view of the floating capacitance CO, the CO can be as- 
sumed to be practically a constant when reproducing a 
signal by the SNDM. The resonance frequency f is sim- 
ply expressed here as a function of the capacitance Cs 
and the inductor L because what changes the f in the 
signal reproduction is a capacitance change A Cs of the 
Cs. In fact, however, the capacitance includes the float- 
ing capacitance CO, and has implications of Cs + CO. 
[0085] The change of the capacitance Cs corre- 
sponds to the nonlinear dielectric constant of the ferro- 
electric material 1 7 located just under the tip of the probe 
82. The nonlinear dielectric constant of the ferroelectric 
material 1 7 located just under the tip of the probe 82 is 
determined according to the polarization direction of the 
ferroelectric material 1 7 at this part. In the state that data 
was recorded in the recording area 1 02 of the ferroelec- 
tric material 1 7, the polarization directions of the ferro- 
electric material 17 within the recording area 102 are 
changed and set according to the data (e.g. a bit se- 
quence of the data). Therefore, the change of the ca- 
pacitance Cs is changed according to the data recorded 
in the ferroelectric material 17. 

[0086] The oscillator 13 is an oscillator which oscil- 
lates at the frequency determined from the inductor L 
and the capacitance Cs. The oscillation frequency var- 
ies, depending on the change of the capacitance Cs. 
Therefore, FM modulation is performed correspondingly 
to the change of the capacitance Cs determined by the 
polarization domain correspondingtothe recorded data. 
By demodulating this FM modulation, it is possible to 
read the recorded data. 

[0087] When the data recorded in the ferroelectric re- 
cording medium 1 is reproduced, the probe 82 touches 
the ferroelectric material 1 7, or faces to it with a small 
space. Corresponding to the radius of the tip portion of 
the probe 82, a polarization domain is defined in the fer- 
roelectric material 1 7. If the high-frequency signal is ap- 
plied to this probe 82, a high-frequency electric field is 
generated in the ferroelectric material 1 7, and the high- 
frequency signal returns to the return electrode 83 via 
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the ferroelectric material 17. At this time, the capaci- 
tance Cs, which corresponds to a polarization P in the 
ferroelectric material 17 on or under the tip portion of 
the probe 82, participates in the resonance circuit made 

5 with the inductance L. By this, the oscillation frequency 
comes to depend on the capacitance Cs. By demodu- 
lating an oscillation signal which is FM-modulated on the 
basis of this capacitance Cs, a detection voltage shown 
in FIG. 10 is outputted, and the recorded data is repro- 

10 duced. On the other hand, in data recording, the record- 
ing is performed by applying a voltage corresponding to 
the data between the probe 82 and the electrode 1 6 and 
thus determining the polarization direction of the ferro- 
electric material 1 7. The voltage applied for the data re- 

15 cording generates an electric field stronger than the co- 
ercive electric field of the ferroelectric material 17. 
[0088] Incidentally, it is also possible to use a plurality 
of probes 82. In using a plurality of probes, record data 
and AC signals for coherent detection at the time of re- 

20 production are applied between the respective probe 
and the electrode 1 6. In this case, it is preferable to pro- 
vide a low cut filter in order to prevent the leakage of the 
signals into the oscillator 13. 

[0089] The switch 30 is intended to switch the input 
25 signal when recording or reproducing. The position of 
the switch 30 is selected so as to input only the AC signal 
which is referred to in the detection when reproducing, 
and so as to input a signal about data and the AC signal 
when recording. 
30 [0090] The recording signal input device 31 converts 
the data to be recorded in a recording format and adds 
the accompanying control information, to generate a re- 
cording signal. Processing about an error correction, 
processing of data compression , and the like are includ- 
es ed. 

[0091 ] The AC signal generation device 32 generates 
an AC signal for coherent detection when recording 
(monitoring) / reproducing. If there are a plurality of 
probes 82, the AC signals with different frequencies are 

40 applied to the probes separately. 

[0092] When recording, a recording signal from the 
recording signal input device 31 is superimposed on an 
AC signal of the AC signal generation device 32, and 
the superimposed signals are supplied to the electrode 

45 16. By an electric field between the probe 82 and the 
electrode 1 6, the polarization of a domain of the ferroe- 
lectric material 1 7 just under the probe 82 is determined. 
Then, the polarization direction is fixed and becomes 
record data. Incidentally, the AC signal of the AC signal 

so generation device 32 is superimposed on the recording 
signal. This is used for monitoring the recorded data 
which is now recorded while the data recording is per- 
formed. The process of monitoring the recorded data is 
the same as the process of reproducing the recorded 

55 data. Namely, the oscillator 13 oscillates at the reso- 
nance frequency determined from the inductor L and the 
capacitance Cs, and the frequency is modulated by the 
capacitance Cs. 
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[0093] The FM demodulator 33 demodulates the os- 
cillation frequency of the oscillator 1 3 modulated by the 
capacitance Cs, and reconstructs a wave form corre- 
sponding to the polarized state of a potion on which the 
probe 82 traces. 

[0094] The detector 34 performs the coherent detec- 
tion from the signal demodulated at the FM demodulator 
33 with the AC signal from the AC signal generation de- 
vice 32 as a reference signal and reproduces recorded 
data. When recording, it can monitorthe recording state. 
[0095] The tracking error detector 35 detects a track- 
ing error signal for controlling the apparatus from the 
signal demodulated at the FM demodulator 33. The de- 
tected tracking error signal is inputted to a tracking 
mechanism to control the apparatus. 
[0096] Incidentally, the recording signal and the AC 
signal can be inputted from the side of the probe 82. In 
this case, it is preferable to provide a filter in order to 
prevent the leakage of the signals into the oscillator 1 3. 
At this time, the electrode 1 6 may be earthed. Moreover, 
if there are a plurality of probes 82, it is preferable to 
take this form. 



Claims 



A recording / reproducing head (50) for recording 
information in a dielectric materia! of a dielectric re- 
cording medium or reproducing information record- 
ed in the dielectric material of the dielectric record- 
ing medium, characterized in that the recording 
/reproducing head comprises: 

a supporting member (51) of a longitudinal 
shape which is long in one direction; 
a first electrode (52), which is projective and 
which is disposed on one end in the one direc- 
tion of said supporting member, for applying an 
electric field to the dielectric material; 
an electric conductor portion (52a), which is 
disposed on a surface of said supporting mem- 
ber facing to the dielectric material, for taking 
an electric connection with said first electrode; 
and 

a second electrode (53) disposed on the sur- 
rounding of said first electrode. 

A recording / reproducing head (60) for recording 
information in a dielectric material of a dielectric re- 
cording medium or reproducing information record- 
ed in the dielectric material of the dielectric record- 
ing medium, characterized in that the recording 
/reproducing head comprises: 

a supporting member (61) of a longitudinal 
shape which is long in one direction; 
a projection portion (62) disposed on one end 
in the one direction of said supporting member; 



a first electrode (62b), which is penetrated from 
the tip portion of said projection portion and dis- 
posed in the central portion of said projection 
portion, for applying an electric field to the die- 

5 lectric material; 

an electric conductor portion (62a), which is 
disposed on a surface of said supporting mem- 
ber opposite to the dielectric material , for taking 
an electric connection with said first electrode; 

10 and 

a second electrode (63) disposed on a surface 
of said supporting member facing to the dielec- 
tric material. 

15 3. A recording / reproducing head (70) for recording 
information in a dielectric material of a dielectric re- 
cording medium or reproducing information record- 
ed in the dielectric material of the dielectric record- 
ing medium, characterized in that the recording 

20 /reproducing head comprises: 

a supporting member (75) of a longitudinal 

shape which is long in one direction; 

a first electrode (72), which is projective and 

25 which is disposed on one end in the one direc- 

tion of said supporting member, for applying an 
electric field to the dielectric material; 
a substrate (71 ), which is disposed so as to sur- 
round said first electrode, for fixing the other 

30 end of said supporting member in the one di- 

rection; 

an electric conductor portion (72a), which is 
disposed on a surface of said substrate facing 
to the dielectric material, for taking an electric 
35 connection with said first electrode; and 

a second electrode (73) disposed so as to sur- 
round said first electrode and said electric con- 
ductor portion. 

40 4. A recording / reproducing head (80) for recording 
information in a dielectric material of a dielectric re- 
cording medium or reproducing information record- 
ed in the dielectric materia! of the dielectric record- 
ing medium, characterized in that the recording 

45 /reproducing head comprises: 

a supporting member (85) of a longitudinal 

shape which is long in one direction; 

a projection portion (82) disposed on one end 

so in the one direction of said supporting member; 

a first electrode (82b), which is penetrated from 
the tip portion of said projection portion and dis- 
posed in the central portion of said projection 
portion, for applying an electric field to the die- 

55 lectric material; 

a substrate (81 ), which is disposed so as to sur- 
round said first electrode, for fixing the other 
end of said supporting member in the one di- 
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rection; 

an electric conductor portion (82a), which is 
disposed on a surface of said supporting mem- 
ber opposite to the dielectric material, for taking 
an electric connection with said first electrode; 
and 

a second electrode (83) disposed on the sur- 
face of said supporting member facing to the 
dielectric material so as to surround said first 
electrode. 

5. The recording / reproducing head according to any 
one of claims 1 to 4, characterized in that said re- 
cording / reproducing head is used as a device for 
reproducing the information from the dielectric re- 
cording medium (1 ) on the basis of a scanning non- 
linear dielectric microscopy method. 

6. A method of producing a recording / reproducing 
head for recording information in a dielectric mate- 
rial of a dielectric recording medium or reproducing 
information recorded in the dielectric material of the 
dielectric recording medium, characterized in that 
the method comprises processes of: 

forming on a substrate (71) a convex portion 
(72) for a first electrode for applying an electric 
field to the dielectric recording medium; 
fabricating the substrate so as to form a sup- 
porting member (75) for supporting the convex 
portion and a surrounding member surrounding 
the supporting member; 
forming a conductive film on the convex portion; 
forming a first conductive layer (72a), which is 
connected with the conductive film formed on 
the convex portion, on a surface of the sub- 
strate facing to the dielectric recording medium; 
and 

forming a second conductive layer (73), which 
is electrically insulated from the first conductive 
layer, on the surface of the substrate facing to 
the dielectric recording medium. 
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of the convex portion; 

disposing a conductive member (82b) in the 
hole; and 

forming a first conductive layer (83) on a sur- 
face of the substrate facing to the dielectric re- 
cording medium. 

8. The method of producing a recording / reproducing 
head according to claim 7, characterized in that 
the method comprises a process of disposing a sec- 
ond conductive layer (82a), which is connected with 
the conductive member, on a surface of the sub- 
strate opposite to the surface facing to the dielectric 
recording medium. 

9. The method of producing a recording / reproducing 
head according to any one of claims 6 to 8, char- 
acterized in that the method comprises a process 
of preparing a plurality of the recording /reproducing 
heads on the substrate and separating them to be 
the individual recording / reproducing heads. 

10. The method of producing a recording / reproducing 
head according to any one of claims 6 to 8, char- 
acterized in that the method comprises a process 
of preparing a plurality of the recording /reproducing 
heads on the substrate and separating them with 
the predetermined number of them regarding as 
one head. 



A method of producing a recording / reproducing 
head for recording information in a dielectric mate- 
rial of a dielectric recording medium or reproducing 
information recorded in the dielectric material of the 
dielectric recording medium, characterized in that 
the method comprises processes of: 

forming on a substrate (81) a convex portion 
(82) for a first electrode for applying an electric 
field to the dielectric recording medium; 
fabricating the substrate so as to form a sup- 
porting member (85) for supporting the convex 
portion and a surrounding member surrounding 
the supporting member; 
forming a hole (86) piercing in the central part 
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FIG. 1A 
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FIG. 1B 
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FIG. 5A 
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FIG. 6A 
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FIG. 6B 
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FIG. 6C 
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FIG. 7D 
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